Landscape ecology —the ecology of large heterogeneous areas, landscapes, regions, or simply 

of land mosaics, has rapidly emerged in the past decade as an important and useful thal 

for land-use planners and landscape afthitect’. Laiidscape Ecology Principles in Landscape 

‘Architecture and Land-Use Planning is an essential handbook that presents and explains * ; 

_ principles of landscape ecology and provides numerous examples of how those principles can Ai 
‘be applied in specific situations. 

__ This clearly written and wonderfully illustrated book is the best effort yet to teach planners 
-how to create landscapes that harmonize cultural and natural values. 


Reed Noss, Editor, Conservation Biology 
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-Dramstad, Olson and Forman move landscape ecology from the library into the drafting room 
and make it part of the tool kit of every landscape architect. The principles are clear and the 
applications easily translated into practice at every scale. 

she ‘ Tgle, FASLA, author of Design for Human Ecosystems 
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_ This book’ is wonderful! The principles it enunciates are so simple and obvious, so meaningful _ 
and true that one wonders why none of us thought of them before. The book should be very « 
a: seful to practitioners, students and teachers as well as tothe concerned public. = rf 


David Brower, Research ment of City and agua: 
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FOREWORD 


The thin mosaic, the tissue of the planet, is in upheaval. An urgent need 
exists for new tools and new language to understand how to live without 
losing nature. The solutions will be at the landscape scale—working with 
the larger pattern, understanding how it works, and designing in harmony 


with the structure of the natural system that sustains us all. 


Each landscape has its own signature. This book will give you new eyes, 
and a means to communicate and collaborate with the many ecologists 
and landscape architects who are reaching out to work together and find 


cross-disciplinary solutions to land-use challenges. 


Places are like large “organisms,” the products of natural forms and 
processes at work. Places are uniquely different and each possesses an 
intrinsic potential for change. This book will also help landscape 
architects and planners to work with communities that are inventing and 


formulating the new civics of sustainability. 


What encourages me most about this book is how its principles are both 
simple and holistic in the way they tie together land, water, wildlife, and 
people. As designers and planners we must weave together this mosaic of 
patches and corridor networks, like a quilt held together with threads, to 
hold the landscape from falling apart. Understanding this mosaic will be 


our greatest challenge. 


We need more succinct books like this one, with its simple tools and 
language, to couple the usually opposing forces of government regulations, 


economic self-interest, and the land ethic to run parallel. 


Grant Jones, FASLA 
Jones & Jones 


Seattle, Washington 





| 





PREFACE AND ACKNOWLEDGMENTS 


Landscape ecology has rapidly emerged in the past decade to become 
usable and important to practicing land-use planners and landscape 
architects. The focus on heterogeneous land mosaics, such as neighbor- 
hoods, whole landscapes, and regions, is at increasingly the critical 
spatial scale. Animals, plants, water, materials, and energy are spatially 
distributed, move, flow, and change in predictable ways in these mosaics. 
Thus professionals and scholars have incorporated bits of the new field in 
their work. But many have also requested a summary of key principles, 


and how they might be applied in design and planning. 


This publication is therefore a handbook or primer, listing and illustrating 
many key principles. It also provides examples of how the principles can 


be applied in design, planning, and solving vexing land-use issues. 


The book is not a cookbook giving exact ingredients and steps. Designers 
and planners are rife with creativity and original ideas. The principles 
presented are solid background colors on the professional’s palette, the 
foundations that are combined to produce important new designs and 


solutions. 


If society decides, for example, to add a road, a nature reserve, or a hous- 
ing tract, these principles will help accomplish the goal by maximizing 
ecological integrity, and minimizing land degradation. Furthermore, prin- 
ciples at this relatively broad scale become a surrogate for long time. They 


nudge society into long-term planning and decision-making. 


Using the principles is not difficult, and leads to more integrative designs 
and plans. It helps reduce the landscape fragmentation and degradation 
so evident around us. Individual professionals familiar with landscape 


ecology already accomplish these specific results. 


In addition though, solutions to environmental and societal problems 
require cross-disciplinary design and planning by groups. Another objec- 
tive of this book is to strengthen the two-way street between ecologists and 
planners/landscape architects. Plenty of ecologists will also read this 
book, and some will take a deeper interest in landscape architecture and 


land-use planning. Such a synergism will result in deeper understanding 





Present Addresses: 


‘Agricultural University of Norway 
Department of Biology and Nature 
Conservation 

P.O. Box 5014 

N-1432 As, Norway 


24. Tamworth Road 
Waban, MA 02168 


of the landscape ecology principles, the development of additional useful 


principles, and their better application in land planning and design. 
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Biodiversity must be conserved as a matter of principle, as a matter of 
survival, and as a matter of economic benefit. 


UNEP, IUCN and WWE in their joint report, Caring for the Earth, 1992 


Time changes 

History indicates that in the face of crisis, human 
ingenuity, creativity, discoveries, inventions, and 
new solutions cascade forth. Today almost all major 
studies point to a coalescence in the next few 
decades of significant land degradation, population 
growth, water shortage, fertile soil erosion, biodi- 
versity loss, and spread of huge urban areas. 
Society is comfortable in thinking of small spaces 
and short times, or at best considering trends sepa- 
rately. When the trends are connected, it is hard to 
miss the crisis looming. The timetable says we and 
our children will be there. At center stage will be 


land-use pattern. 


Land planners and landscape architects are 
uniquely poised to play key roles for society, to 
provide new solutions. These are professionals and 
scholars who focus on the land. Solve problems. 
Design and create plans. Look to the future. Are 
optimists, can-do people. Are synthesizers who 
weave diverse needs together into a whole. Have 
ingenuity and creativity. Know aesthetics or eco- 
nomics. Know that human culture is essential in a 


design or plan. And know that ecological integrity of the land is critical. 


Landscape architecture and land-use planning have a long and distin- 
guished history of inspired accomplishments. The images of extensive 
Italian country villas, 19th-century planning and design of major 
American cities, and the 20th-century development of national parks are 
impressive harmonies in the land. A key to their brilliance is the enlight- 


ened meshing of nature and culture. 





Wild turkeys crossing an opening, 
Texas, U.S.A., USDA Soil 
Conservation Service photo. 
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Gold mining spoils on floodplain, 
Montana, U.S.A., USDA Soil 
Conservation Service photo. 





Channelized stream corridor, 
Georgia, U.S.A., USDA Soil 
Conservation Service photo. 


FOUNDATIONS 


The designers and planners were not amateurs in either nature or culture, 
but had extensive education and knowledge in both. Nature included the 
biological patterns and physical processes entwined in vegetation, wildlife 
~— populations, species richness, wind, water, wet- 

lands, and aquatic communities. Culture integrated 
the diverse human dimensions of economics, aes- 
thetics, community social patterns, recreation, 


transportation, and sewage/waste handling. 


What are the natural features which make a town- 
ship handsome? A river, with its waterfalls and 
meadows, a lake, a hill, a cliff or individual rocks, 
a forest, and ancient trees standing singly. Such 
things are beautiful; they have a high use which 
dollars and cents never represent. If the inhabitants of a town were wise, 
they would seek to preserve these things, though at a considerable 
expense; for such things educate far more than any hired teachers or 
preachers, or any present recognized system of school education. I do not 
think him fit to be the founder of a state or even of a town who does not 
foresee the use of these things... 


Henry David Thoreau, Journal, 1861 


In some countries these two basic components—ecology and culture—have 
diverged relatively recently. For example, ecology has matured, and veered 
away from planning and design. Or economics has become paramount. Or 
aesthetics. Or sewage and wastes have been considered only an engineering 
problem. Or flourishing litigation has colored decision-making. Or local 
actions have overridden regional thinking and planning. These sound so 
familiar to professionals in the field. The deeper message is the importance 


of a new form of linkage between ecology and culture, land and people, 


nature and humans. 











There is an increasing evidence suggesting that mental health and emo- 
tional stability of populations may be profoundly influenced by frustrat- 
ing aspects of an urban, biologically artificial environment. It seems 
likely that we are genetically programmed to a natural habitat of clean 
air and a varied green landscape, like any other mammal. The specific 
physiological reactions to natural beauty and diversity, to the shapes and 
colors of nature, especially to green, to the motions and sounds of other 
animals, we do not comprehend and are reluctant to include in studies of 
environmental quality. Yet it is evident that in our daily lives nature must 
be thought of not as a luxury to be made available if possible, but as part 


of our inherent indispensable biological need. 


Frederick Law Olmsted, in Biography, by J.E. Todd, 1982. 


The missing ingredient and key to the new weaving appeared in the 
1980s, and mushroomed in the 1990s. Landscape ecology, the ecology of 
large heterogeneous areas, of landscapes, of 
regions, of portions thereof, or simply of land 


mosaics, has increasingly appeared on the palette. 


It is at exactly the right spatial scale. It explicitly 
integrates nature and humans. Its principles work 
in any landscape, from urban to pastureland and 
desert to tundra. Its spatial language is simple, cat- 
alyzing ready communication among land-use 
decision-makers, professionals, and scholars of 
many disciplines. And it is no academic musing, 
but, centered on spatial pattern, is easily and 
directly usable. It often evokes, “Why didn’t we think of that?” or “Good 


to know there’s science behind it now.” 


Landscape architects and land-use planners will always be experts in 


small areas, the tiny parks, housing clusters, and shopping malls. At the 





Urban-rural edge, 
Virginia, U.S.A., USDA Soil 
Conservation Service photo. 
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same time, such professionals also know that only designing and planning 
little pieces of the land leads to a fragmented world that doesn't work, 
either ecologically or for people. Fortunately, the knowledgeable meshing 
of humans and ecology at a broader scale is now in the repertoire, and will 
become routine. The solution for a small economically or aesthetically 
focused project will emanate as much from the surrounding mosaic pat- 
tern as from the site itself. And the larger land-area project will focus 
directly on spatial pattern, movements, and changes of its mosaic, based 


solidly on principles of landscape and regional ecology. 


Objectives 

The objectives of this book are to: 1. Pinpoint many key principles of 
landscape ecology, especially those directly usable in land-use planning 
and landscape architecture. 2. Illustrate how principles can be used in 


planning and design projects. 


Development of landscape ecology 

The key literature and concepts of landscape architecture and land-use 
planning are doubtless well known to the reader. However, a brief back- 
ground in landscape ecology appears useful. The foundations may be 
traced back to scholars up to about 1950, who elucidated the natural 
history and physical environment patterns of large areas. Certain geogra- 
phers, plant geographers, soil scientists, climatologists, and natural histo- 


writers were the “giants with shoulders” upon which later work stood. 
ry g p 


From about 1950 to 1980 diverse important threads emerged, and their 


weaving together commenced. The term landscape ecology was used when * 


aerial photography began to be widely available. The concept focused on 
specific spatial pattern in a section of a landscape, where biological com- 
munities interacted with the physical environment (Troll 1939, 1968). 
Diverse definitions of the term of course have appeared over the years, but 


today the primary, most widely held concept is as follows. 


Ecology is generally defined as the study of the interactions among organ- 


isms and their environment, and a landscape is a kilometers-wide mosaic 


FOUNDATIONS 








over which particular local ecosystems and land-uses recur. These 
concepts have proven to be both simple and operationally useful. Thus 
landscape ecology is simply the ecology of landscapes, and regional ecol- 


ogy the ecology of regions. 


Several other disciplines or important concepts 
were incorporated during this weaving phase of 
landscape ecology. The ecosystem concept, animal 
and plant geography, vegetation methodology, 
hedgerow studies, agronomic studies, and island 
biogeographic theory were important. Also quanti- 
tative geography, regional studies, human culture 


and aesthetics, and land evaluation were incorpo- 





rated. Landscape architecture and land-use plan- 


Fields, woods, and hedgerows, 
New Jersey, U.S.A., USDA Soil 
Conservation Service photo. 


ning literature began to be included. This phase 
produced an abundance of intriguing, interdiscipli- 
nary individual designs, but no clear form of the 


overall tapestry was evident. 


Since about 1980 the “land mosaic” phase has 
coalesced, where puzzle pieces increasingly fit 
together and an overall conceptual design of land- 
scape and regional ecology emerges. Edited books 
tend to compile disparate, but sometimes key, 
pieces of landscape ecology. These include general 
concepts (Tjallingii & de Veer 1981, Ruzicka 
1982, Brandt & Agger 1984, Zonneveld & Forman 
1990), habitat fragmentation and conservation 


(Burgess & Sharpe 1981, Saunders et al. 1987, Hansson & Angelstam 





Fields, wooded patches, 


and wooded corridors, England, 
1991), corridors and connectivity (Schreiber 1988, Brandle et al. 1988, R. Forman photo. 


Saunders & Hobbs 1991, Smith & Hellmund 1993), quantitative method- 
ology (Berdoulay & Phipps 1985, Turner & Gardner 1991), and hetero- 


geneity, boundaries, and restoration (Turner 1987, Hansen & di Castri 


1992, Vos & Opdam 1992, Saunders et al. 1993). 
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est clearcuts and logging roads, 
‘gon, U.S.A., R. Forman photo. 
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The major authored volumes, in contrast, tend to integrate and synthesize 
theory and concepts. These books include land evaluation and planning 
(Zonneveld 1979, Takeuchi 1991), soil and agriculture (Vink 1980), 
logging and conservation (Harris 1984), total 
human ecosystem (Naveh & Lieberman 1993), 
hierarchy theory (O’Neill et al. 1986), statistical 
methodology (Jongman et al. 1987), river corridors 
(Malanson 1993), and land mosaics (Forman & 
Godron 1986, Forman 1995). Of course, to gain a 
solid and full understanding of the subject, articles 
in Landscape Ecology and many other journals are 


a must, and often a delight. 


Landscape ecology today 

The principles of landscape and regional ecology 
apply in any land mosaic, from suburban to agriculture and desert to 
forest. They work equally in pristine natural areas and areas of intense 
human activity. The object spread out beneath an airplane, or in an aerial 
photograph, contains living organisms in abundance, and therefore is a 


living system. 


Like a plant cell or a human body, this living system exhibits three broad 


characteristics: structure, functioning, and change. Landscape structure is * 


the spatial pattern or arrangement of landscape elements. Functioning is 
the movement and flows of animals, plants, water, wind, materials, and 
energy through the structure. And change is the dynamics or alteration in 


spatial pattern and functioning over time. 


The structural pattern of a landscape or region is composed entirely of 
three types of elements. Indeed, these universal elements—patches, 
corridors, and matrix—are the handle for comparing highly dissimilar 
landscapes and for developing general principles. They also are the 
handle for land-use planning and landscape architecture, since spatial 


pattern strongly controls movements, flows, and changes. 





The simple spatial language becomes evident when considering how 
patches, corridors, and the matrix combine to form the variety of land 
mosaics on earth. What are the key attributes of patches? They are large 
or small, round or elongated, smooth or convoluted, few or numerous, 
dispersed or clustered, and so forth. What about corridors? They appear 
narrow or wide, straight or curvy, continuous or disconnected, and so on. 
And the matrix is single or subdivided, variegated or nearly homogeneous, 
continuous or perforated, etc. These spatial attributes or descriptors are 
close to dictionary definitions, and all are familiar to decision-makers, 


professionals, and scholars of many disciplines. 


The whole landscape or region is a mosaic, but the local neighborhood is 
likewise a configuration of patches, corridors, and matrix. Landscape 
ecologists are actively studying and developing principles for the biodi- 
versity patterns and natural processes in these configurations or neighbor- 


hood mosaics. 


For example, changing a mosaic by adding a 
hedgerow, pond, house, woods, road, or other ele- 
ment changes the functioning. Animals change 
their routes, water flows alter direction, erosion of 
soil particles changes, and humans move differ- 
ently. Removing an element alters flows in a differ- 
ent manner. And rearranging the existing elements 
causes yet greater changes in how the neighbor- 
hood functions. These spatial elements and their 
arrangements are the ready handles for landscape 


architects and land-use planners. 


Natural processes as well as human activities change landscapes. In a 


time series of aerial photographs a sequence of mosaics typically appears. 


Habitat fragmentation is frequently noted and decried. But many other 


Spatial processes are evident in land transformation, such as perforation, 
dissection, shrinkage, attrition, and coalescence, each with major ecologi- 


cal and human implications. 





Road corridor, Western Australia, 
Photo courtesy of B.M.J. (Penny) Hussey. 
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In short, the landscape ecology principles in this book are directly 
applicable and offer opportunities for wise planning, design, conservation, 
management, and land policy. The principles are significant from neigh- 
borhood to regional mosaics. They focus on spatial 
pattern, which strongly determines functioning and 
change. Their patch-corridor-matrix components 
have universality for any region. And their lan- 
guage enhances communication and collaboration. 
They will become central as society begins to 
seriously address the issue of creating sustainable 


environments. 


Roadmap 


Part I presents the landscape ecological principles. 





For convenience these are grouped by patches, 


Strips and pond made for wildlife, 
Texas, U.S.A., USDA Soil edges, corridors, and mosaics. Part II then illustrates practical applica- 
Conservation Service photo. 


tions of the principles. This begins with schematic applications at broad, 
medium, and fine scales. It ends with encapsulated case studies from 


around the world. 
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Landscape ecology principles are listed and illustrated below in four 
sections: Patches; Edges; Corridors; and Mosaics. Each section begins with 
an introduction to important terms and concepts, and ends with a list of key 
references. For additional references please refer to 


the bibliography. 


In a densely populated world plant and animal 
habitat increasingly appears in scattered patches. 
 Ecologists first considered habitat patches analo- 
a gous with islands, but soon largely abandoned the 
| analogy due to the major differences between the 
a sea and the matrix of countryside and suburban 
a developments surrounding a “terrestrial” patch. 
7 Patches, however, do exhibit a degree of isolation, eae 
Farmstead woodlots and wheat, 


iy species present. Minnesota, U.S.A., USDA 
W Soil Conservation Service photo. 


fi 
ti 


i the effect and severity being dependent on the 


_ Four origins or causes of vegetation patches are usefully recognized: 
remnants (e.g., areas remaining from an earlier more extensive type, such 
; j as woodlots in agricultural areas); introduced (e.g., a new suburban devel- 
‘a opment in an agricultural area, or a small pasture within a forest); 
disturbance (e.g., a burned area in a forest, or a spot devastated by a 
severe windstorm); and environmental resources (e.g., wetlands in a city, or 


oases in a desert). 


_ Patches are analyzed below and differentiated in terms of (1) size, (2) 
i number, and (3) location. Patches may be as large as a national forest, or 
ee $ small as a single tree. Patches may be numerous in a landscape, such 
as avalanches or rock slides on a mountainside, or be scarce such as oases 
~ in a desert. The location of patches may be beneficial or deleterious to the 
_ Optimal functioning of a landscape. For example, small, remnant forest 
_ Patches between large reserves in an agricultural matrix can be benefi- 
- Cial. In contrast, a landfill located adjacent to a sensitive wetland may 


havea negative impact on the ecological health of the landscape. 
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PATCH SIZE: LARGE OR SMALL? 








P1. Edge habitat and species 

Dividing a large patch into two smaller ones 
creates additional edge habitat, leading to 
higher population sizes and a slightly greater 
number of edge species, which are often 


common or widespread in the landscape. 


P2. Interior habitat and species 
Dividing a large patch into two smaller ones 
removes interior habitat, leading to reduced 
population sizes and number of interior 
species, which are often of conservation 


importance. 


P3. Local extinction probability 

A larger patch normally has a larger popula- 
tion size for a given species than a smaller 
patch, making it less likely that the species 
(which fluctuates in population size) 


will go locally extinct in the larger patch. 





P4. Extinction 
The probability of a species becoming locally 


extinct is greater if a patch is small, or of low 


habitat quality. 


P5. Habitat diversity 
A large patch is likely to have more habitats 
present, and therefore contain a greater 


number of species than a small patch. 


P6. Barrier to disturbance 
Dividing a large patch into two smaller 
ones creates a barrier to the spread of some 


disturbances. 
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P7. Large patch benefits 

Large patches of natural vegetation are the 
only structures in a landscape that protect 
aquifers and interconnected stream networks, 
sustain viable populations of most interior 
species, provide core habitat and escape cover 
for most large-home-range vertebrates, 


and permit near-natural disturbance regimes. 


P8. Small patch benefits 

Small patches that interrupt extensive 
stretches of matrix act as stepping stones 

for species movement. They also contain some 
uncommon species where large patches 

are absent or, in unusual cases, are unsuitable 
for a species. Therefore small patches 

provide different and supplemental ecological 


benefits than large patches. 


PATCH NUMBER: HOW MANY? 


P9. Habitat loss 

Removal of a patch causes habitat loss, which 
often reduces the population size of a species 
dependent upon that habitat type, and may 
also reduce habitat diversity, leading to fewer 


species. 





P10. Metapopulation dynamics 
Removal of a patch reduces the size of a 
metapopulation (i.e., an interacting population 
subdivided among different patches), thereby 
increasing the probability of local within-patch 
extinctions, slowing down the recolonization 
process, and reducing stability of the meta- 


population. 


P11. Number of large patches 

Where one large patch contains almost all the 
species for that patch type in the landscape, 
two large patches may be considered the mini- 
mum for maintaining species richness. 
However, where one patch contains a limited 
portion of the species pool, up to four 


or five large patches are probably required. 


P12. Grouped patches as habitat 
Some relatively generalist species can, in the 
absence of a large patch, survive in a number 


of nearby smaller patches, which although 


individually inadequate, are together suitable. 


local extinction 
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PATCH LOCATION: WHERE? 
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See additional references on page 71 
a time interval, than a more isolated patch, 


proposed conservation patches 


P15. Patch selection for conservation 
The selection of patches for conservation 
should be based on their: 1) contribution to the 
overall system, i.e., how well the location of 

a patch relates or links to other patches within 
the landscape or region; and 2) unusual 

or distinctive characteristics, e.g., whether a 
patch has any rare, threatened, or endemic 


species present. 
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EDGES AND BOUNDARIES 


An edge is described as the outer portion of a patch where the environ- 
ment differs significantly from the interior of the patch. Often, edge and 
interior environments simply look and feel differently. For example, verti- 
cal and horizontal structure, width, and species 


composition and abundance, in the edge of a patch, 





differ from interior conditions, and together com- 
prise the edge effect. Whether a boundary is curvi- 
linear or straight influences the flow of nutrients, 


water, energy, or species along or across it. 


Boundaries may also be “political” or “administra- 
tive,” that is artificial divisions between inside and 
out, which may or may not correspond to natural 
“ecological” boundaries or edges. Relating these 
artificial edges with natural ones is important. As 
human development continues its expansion into natural environments, 
the edges created will increasingly form the critical point for interactions 


between human-made and natural habitats. 


The shapes of patches, as defined by their boundaries, can be manipu- 
lated by landscape architects and land-use planners to accomplish an 
ecological function or objective. Due to the diverse significance of edges, 
rich opportunities exist to use this key ecological transition zone between 


two types of habitat in designs and plans. 





Convoluted grassland-forest boundary, 
Idaho, U.S.A., R. Forman photo. 
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EDGE STRUCTURE 


E1. Edge structural diversity 
Vegetative edges with a high structural 
diversity, vertically or horizontally, are richer 


in edge animal species. 


E2. Edge width 
Edge width differs around a patch, with wider 
edges on sides facing the predominant wind 


direction and solar exposure. 


E3. Administrative and natural 
ecological boundary 

Where the administrative or political boundary 
of a protected area does not coincide with a 
natural ecological boundary, the area between 
the boundaries often becomes distinctive, and 
may act as a buffer zone, reducing the influ- 
ence of the surroundings on the interior of the 


protected area. 








! 


a 


E4. Edge as filter 
Patch edges normally function as filters, which 
dampen influences of the surroundings on the 


patch interior. 


E5. Edge abruptness 
Increased edge abruptness tends to increase 
movement along an edge, whereas less edge 


abruptness favors movement across an edge. 


BOUNDARIES: STRAIGHT OR CONVOLUTED? 








E6. Natural and human edges 
Most natural edges are curvilinear, 
complex, and soft, whereas humans tend to 


make straight, simple, and hard edges. 
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E7. Straight and curvilinear boundaries 
A straight boundary tends to have more 


E10. Coves and lobes ©) grazing site (g) 


species movement along it, whereas a 


The presence of coves and lobes along an 


[9 predator site (p) 
<-- ~f\ species movement (m) 


convoluted boundary is more likely to have edge provides greater habitat diversity than 


movement across it. along a straight edge, thereby encouraging 


v 


7 


higher species diversity. 


ESS 
v 


2 





E8. Hard and soft boundaries 


Compared with a straight boundary between 





two areas, a curvilinear “tiny-patch” boundary E11. Edge and interior species 


may provide a number of ecological benefits, A more convoluted patch will have a higher 
including less soil erosion and greater wildlife proportion of edge habitat, thereby slightly 
usage. increasing the number of edge species, 

but sharply decreasing the number of interior 
species, including those of conservation 


importance. 


E9. Edge curvilinearity and width 
Curvilinearity and width of an edge combine 
to determine the total amount of edge habitat E12. Interaction with surroundings 
within a landscape. The more convoluted the shape of a patch, the 
more interaction, whether positive or negative, 
there is between the patch and the surrounding 


matrix. 
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E13. Ecologically “optimum” patch shape 
An ecologically optimum patch provides 
several ecological benefits, and is generally 
“spaceship shaped,” with a rounded 

core for protection of resources, plus some 
curvilinear boundaries and a few fingers 


for species dispersal. 


E14. Shape and orientation 

A patch oriented with its long axis parallel 

to the route of dispersing individuals will have 
a lower probability of being (re-)colonized, 


than a patch perpendicular to the route of dis- 


persers. 
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CORRIDORS AND CONNECTIVITY 





The loss and isolation of habitat is a seemingly unstoppable process 
occurring throughout the modern world. Landscape planners and ecolo- 
gists must contend with this continuing process if further reductions in 


biodiversity are to be slowed or halted. 


Several dynamic processes cause this isolation and 


. loss over time. The key spatial processes include: 

‘ar fragmentation (i.e., breaking up a larger/intact 
“Tghe ‘ . ; . ; 
A habitat into smaller dispersed patches); dissection 
a, 

i. 


(i.e., splitting an intact habitat into two patches 
separated by a corridor); perforation (i.e., creating 
“holes” within an essentially intact habitat); 


shrinkage (i.e., the decrease in size of one or more 





habitats); and attrition (i.e., the disappearance of bi 
one or more habitat patches). Road corridor including narrow 

roadsides, Wyoming, U.S.A., 
In the face of continued habitat loss and isolation, R. Forman photo. 


many landscape ecologists stress the need for pro- 
viding landscape connectivity, particularly in the 
forms of wildlife movement corridors and stepping 
stones. Despite residual discussion over the effec- 
tiveness of corridors in enhancing biodiversity, a 
growing empirical body of research underlines the 
positive net benefits accruing from incorporating 


higher quality linkages between habitat patches. 


Corridors in the landscape may also act as barriers 





or filters to species movement. Some may be popu- 


lation “sinks” (i.e., locations where individuals of a 


Powerline corridor, 
species tend to decrease in number). For example, roadways, railroads, Mississippi, U.S.A., USDA Soil 
Conservation Service photo. 


powerlines, canals, and trails, may be thought of as “troughs” or barriers. 


Finally, stream or river systems are corridors of exceptional significance 


in a landscape. Maintaining their ecological integrity in the face of intense 





human use is both a challenge and an opportunity to landscape designers 


all and land-use planners. 
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CORRIDORS FOR SPECIES MOVEMENT 





C1. Controls on corridor functions 
Width and connectivity are the primary con- 
trols on the five major functions of corridors, 


i.e., habitat, conduit, filter, source, and sink. 


C2. Corridor gap effectiveness 

The effect of a gap in a corridor on movement 
of a species depends on length of the gap 
relative to the scale of species movement, and 


contrast between the corridor and the gap. 


C3. Structural versus floristic similarity 
Similarity in vegetation structure and floristics 
(plant species) between corridors and large 
patches is preferable, though similarity in 
structure alone is probably adequate in most 
cases for interior species movement between 


large patches. 








C4. Stepping stone connectivity 

A row of stepping stones (small patches) is 
intermediate in connectivity between a corri- 
dor and no corridor, and hence intermediate 
in providing for movement of interior species 


between patches. 


C5. Distance between stepping stones 
For highly visually-oriented species, the effec- 
tive distance for movement between stepping 

stones is determined by the ability to see each 


successive stepping stone. 


C6. Loss of a stepping stone 

Loss of one small patch, which functions as 
a stepping stone for movement between 
other patches, normally inhibits movement 


and thereby increases patch isolation. 
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C7. Cluster of stepping stones 
The optimal spatial arrangement of a cluster 
of stepping stones between large patches 
provides alternate or redundant routes, while 
maintaining an overall linearly-oriented 


array between the large patches. 
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C8. Roads and other “trough” corridors 
Road, railroad, powerline, and trail corridors 
tend to be completely connected, relatively q 
straight, and subject to regular human distur- 

bance. Therefore, they commonly serve as 

barriers that subdivide populations of species 

into metapopulations; conduits mainly for 
disturbance-tolerant species; and sources of 

erosion, sedimentation, exotic species, and 


human effects on the matrix. 


C9. Wind erosion and its control 
Modest winds reduce soil fertility by selec- 
tively removing and blowing fine particles 
long distances, whereas heavier winds often 
move mid-sized particles only tens of meters. 
Wind erosion control reduces field size in the 
preponderant wind direction, and maintains 
vegetation, furrows, or soil clods, especially in 
spots susceptible to vortices, turbulence, 


or accelerated streamline airflow. 


STREAM AND RIVER CORRIDORS . 





| 
C10. Stream corridor and dissolved substances 
Dissolved substances, such as nitrogen, phos- 
phorus, and toxins, entering a vegetated stream 
corridor are primarily controlled from entering 
the channel and reducing water quality by 
friction, root absorption, clay, and soil organic 


matter; these in turn are most effectively provid- 


ed by a wide corridor of dense natural vegetation. 


(1) Contact with plant stems and litter slows water movement 
(2) Plant roots absorb dissolved substances prior to reaching the stream 
(3) Clay particles hold dissolved substances 


(4) Soil organic matter absorbs dissolved substances 


C11. Corridor width for main stream 
To maintain natural processes, a 2nd- to ca. 
Ath-order stream corridor: maintains an interi- 
or upland habitat on both sides, which is wide 
enough to control dissolved-substance inputs 
from the matrix; provides a conduit for upland 
interior species; and offers suitable habitat 
for floodplain species displaced by beaver 


flooding or lateral channel migration. 


C12. Corridor width for a river 

To maintain natural processes, a ca. 5th- to 
10th-order river corridor maintains an upland 
interior on both sides, as a conduit for upland 
interior species and species displaced by 
lateral channel migration. In addition, main- 
taining at least a “ladder-pattern” of large 
patches crossing the floodplain provides 

a hydrologic sponge, traps sediment during 
floods, and provides soil organic matter for 
the aquatic food chain, logs for fish habitat, 


and habitats for rare floodplain species. 
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MOSAICS 


viable trout oe. Cennetiivity of a stream comtdor : r The overall structural and functional integrity of a landscape can be 


pepwation Width and length of a vegetated stream eorri- . 7 understood and evaluated in terms of both pattern and scale. One assay 


no trout 
population . no trout 
population 


dor interact or combine to determine stream q of the ecological health of a landscape is the overall connectivity of the 


aa RNA, 8 RTE a natural systems present. Corridors often intercon- 


corridor, without major gaps, is essential to 
vegetated 


nect with one another to form networks, enclosing 
cori =; le pes eae re other landscape elements. Networks in turn exhibit 
AAT i AS eee connectivity, circuitry, and mesh size. Networks 
ANG seas, pine other physiological emphasize the functioning of landscapes and may 
ioaiaiitieaa ial 4, mipeemaaeieameaais be used by planners and landscape architects to 


species, such as trout, will not be maintained. 





facilitate or inhibit flows and movements across a 


land mosaic. 


A common landscape pattern is fragmentation, 
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Saunders, D.A. and R.J. Hobbs, eds. 1991. Nature Conservation 2: The Role of Corridors. Surrey Beatty, Chipping Norton, : 


Australia. [Corridor for species movement] 
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M1. Network connectivity and circuitry 
Network connectivity (i.e., the degree to which 
all nodes are linked by corridors), combined 
with network circuitry (i.e., the degree to 
which loops or alternate routes are present), 
indicates how simple or complex a network is, 
and provides an overall index of the effective- 


ness of linkages for species movement. 


M2. Loops and alternatives 

Alternative routes or loops in a network reduce 
the negative effects of gaps, disturbances, 
predators, and hunters within corridors, thus 


increasing efficiency of movement. 


M3. Corridor density and mesh size 
As mesh size of a network decreases, the prob- 
ability of survival drops sharply for a species 


that avoids or is inhibited by the corridors. 





M4. Intersection effect 

At the intersection of natural-vegetation 
corridors, commonly a few interior species are 
present, and species richness is higher than 


elsewhere in a network. 


M5. Species in a small connected patch 
A small patch or node connected to a network 
of corridors is likely to have slightly more 


species and a lower rate of local extinction 


than an equal-sized patch separated from the 


network. 


M6. Dispersal and small connected patch 
Small patches or nodes along an existing 
network are effective in providing habitat in 
which individuals pause and/or breed, 
resulting in a higher survival rate for dispers- 
ing individuals and, hence, more dispersing 


individuals in the network. 
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_ FRAGMENTATION AND PATTERN 


M7. Loss of total versus interior habitat 
Fragmentation decreases the total amount of a 
particular habitat type, but proportionally 


causes a much greater loss of interior habitat. 


M8. Fractal patches 

Fractal configuration is a natural reaction to 
transition, with isolated patches often reacting 
similarly to a disturbance as a group. As these 
patches either become smaller or larger, 

their structural relationships or pattern stay 
essentially the same, until an unusually strong 


disturbance occurs. 


M9. Suburbanization, exotics, and 
protected areas 

In landscapes undergoing suburbanization and 
consequent invasion of exotic species, a biodi- 
versity or nature reserve may be protected 
against damage by invaders using a (buffer) 


zone with strict controls on exotic species. 


SCALE: FINE OR COARSE? 











M10. Grain size of mosaics 
A coarse-grained landscape containing 
fine-grained areas is optimum to provide for 


large-patch ecological benefits, multihabitat 


species including humans, and a breadth 
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M11. Animal perception of scale of 
fragmentation 

A finely-fragmented habitat is normally per- 
ceived as continuous habitat by a wide-ranging 
species, whereas a coarsely fragmented habitat 
is discontinuous to all species, except the most 


wide-ranging large animals. 





M12. Specialists and generalists 


Specialist species are more likely to be 


\ SANS a 
than are generalist species of similar size. \ ae 


As 


habitat of generalist species 


habitat of specialist species 
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OVERVIEW 


M13. Mosaic patterns for multihabitat 


species A myriad of complex and seemingly unrelated decisions occurs in the 


_? 5 - i ions. Duri 
Multihabitat species are favored by conver- land-use planning and landscape architecture professions. During the 


geney points Gunetions where three ox mos analysis phase of a project, a variety of social, legal, demographic, topo- 


habitats converge), adjanencies (different graphic, microclimatic, and other site-specific information is simultane- 


\ 
\\ combinations of adjoining habitat types), and 
\\ habitat interspersion (habitats scattered 
\\ 


rather than aggregated). 


ously considered. Too seldom, however, does site analysis incorporate a 
more broad-reaching, landscape ecological approach, where the impacts 


of a particular land-use plan or landscape design are considered within 


convergency adjacencies interspersion 
points 


the larger, ecological context of the landscape or region. 





The following section presents a series of (1) hypothetical or schematic 
applications, and (2) actual case studies (in brief). Together these 
illustrate how land-use planners and landscape architects may (or have) 


incorporate(d) landscape ecological principles in their work. A range of 


KEY REFERENCES | 














| scales and types of projects is illustrated. 


Arnold, G.W. 1983. “The influence of ditch and hedgerow structure, length of hedgerows, and area of woodland and 


Schematic or conceptual landscape changes are applied in six cases over 
garden on bird numbers in farmland.” Journal of Applied Ecology 20, pp. 731-750. [Scale] 


a broad range of spatial scales. These applications state a problem or pro- 
Forman, R.T-T. 1995. Land Mosaics: The Ecology of Landscapes and Regions. Cambridge University Press, Cambridge. 


[Networks, fragmentation, and pattern] posed change in the landscape, and portray “better” and “worse” designs, 


Forman, R.T-T. and J. Baudry. 1984. “Hedgerows and hedgerow networks in landscape ecology.” Environmental together with rationales. 


Management 8, pp. 495-510. [Networks] 


A prototypical landscape type with a mix of agricultural, suburban, and 
Franklin, J.F. and R.T.T. Forman. 1987. “Creating landscape patterns by cutting: ecological consequences and principles.” 


forested areas is used in the first section. A variety of landscape ecologi- 
Landscape Ecology 1, pp. 5-18. [Fragmentation and pattern] wanna y P 8 


cal elements, such as habitat patches, stream corridors, wildlife movement 
Hobbs, R.J. 1995. Landscape ecology. Encyclopedia of Environmental Biology 2, pp. 417-428. [Fragmentation and pattern] 


corridors, roads and powerlines, natural edges and boundaries and artifi- 
Knaapen, J.P., M. Scheffer and B. Harms. 1992. “Estimating habitat isolation in landscape planning.” Landscape and Urban 


Plnnndag Ui, cpes 1218. rugumenation and waves cial edges, is illustrated. This heterogeneous landscape type, plus the 


method of representation, is widespread, for example in many parts of the 
Landers, J.L., R.J. Hamilton, A.S. Johnson and R.L. Marchington, 1979. “Foods and habitat of black bears in southeastern . yuRe P P oF is 


North Carolina.” Journal of Wildlife Management 43, pp. 143-153. [Fragmentation and pattern] ; US Europe, South America, and Russia. In addition, human-induced 


Lyon, L.J. 1983. “Road density models describing habitat effectiveness for elk.” Journal of Forestry 81, pp. 592-595. changes and developments are frequently planned and occurring in most 


[Networks] areas around the world. 


Noss, R.F. and L.D. Harris. 1986. “Nodes, networks, and MUMs: preserving diversity at all scales.” Environmental 


Management 10, pp. 299-309. [Networks and scale] The principles applied to this typical agricultural-suburban-forested area 


: , ee : are just as valid in a coastal, desert, or mountainous area. Land-use plans 
Saunders, D.A. 1989. “Changes in the avifauna of a region, district and remnant as a result of fragmentation of native J ' P 


vegetation: The wheatbelt of Western Australia. A case study.” Biological Conservation 50, pp. 99-135. [F ragmentation 


and landscape designs incorporate changes of a generalizable nature. 
and scale] 


What matters more than the specific land-use change or design proposal 
See additional references on page 77 are the consequences of that change or design. For example, does the 


design proposal create a gap in an animal movement corridor? Does the 
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| SCHEMATIC APPLICATIONS 


land-use plan reduce the size or change the shape of an important patch 


of natural habitat? Furthermore, the same set of landscape ecological The following six schematic applications are selected to illustrate 


principles applies, whether working at the scale of a residential site or a 


landscape ecological principles over a range of scales, from a macro or 
regional park. 


{ 
: 


regional scale, to a micro or site scale. One of the powerful messages 


if of illustrating the applications across a range of scales is that these princi- 
Specific case studies have been selected to illustrate how landscape eco- 


tan G ize of the project. 
logical principles have been applied within actual or proposed projects. ples ste all appliegble:senc\etectve iat siaeiiieaiil de 


— The six examples are: 
These case studies are taken from scientific, planning, and other journals. 


The projects are from around the world and have in some way incorporat- Macro or regional scale 


ed landscape ecology in their conception and implementation. In some A regional wildlife conservation park 


cases empirical evidence indicates how the incorporation of these princi- A new suburban development project 


ples into a design or plan has either improved or maintained the integrity 
i ioni dscape scale 
of the ecological functioning of a particular landscape or region. Meso or landscap 


A new road 
It is noteworthy that land-use planners and landscape architects are 





An urban park 
indeed empowered to make meaningful contributions to the overall eco- 


ae 


; , ite scale 
logical health of their environment, by incorporating a landscape ecologi- Micro or site. 


d 
cal approach in their work. Over time, numerous examples of such land- A cluster of backyard gardens 
scape-ecologically based work will no doubt be documented. Hopefully, 


readers of this book will be among those whose works are so publicized. 


A wildlife movement corridor 


| MAP AND KEY OF EXISTING CONDITIONS 





| 


not to scale 


Agricultural 
Fields 





| River/Stream Forested/ Wooded 

Subdivision/ 

Development/ 
Water Body Street 
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MACRO OR REGIONAL SCALE 








A new suburban development 
The problem: 

Overall, where to locate a regional park 
and, specifically, how to allocate land-uses 
of different intensity within the park 


The problem: 
Where to ideally locate a specified 
amount of suburban development 


The regional area 
The regional area 


Mixed urban/suburban development and natural 
Mixed urban/suburban development and natural 


— forested areas within agricultural matrix 
forested areas within agricultural matrix 


The study area The study area 


Two options considered: 


Largest patch of natural forest close to largest 
area of suburban development 





1) within large forested patch; and 





2) close to existing suburban development 





A “better” design A “worse” design 

1. Conservation area (1) mostly circular in shape 1. Conservation area (1) less circular in shape A “better” design A “worse” design 

2. Passive-use area (2) as buffer between 2. Passive-use area (2) does not provide a 1. River corridor made narrower, although 1. Species movement around lake obstructed 
conservation and active-use area (3) continuous buffer not completely “broken” 2. Nutrient enrichment, other pollution in lake 

3. Active-use area (3) close to suburbanization 3. Entirety of lake in active-use area (3) 2. Forested patch size reduced, and patch 3 


. Invasion of exotics into larger forested area 


4. Active-use area closer to conservation area surrounded by suburbanization 


(previously undisturbed) 
3. New suburban development concentrated 4 


. Forested corridor broken by road and 
within area of existing suburbanization 


roadway 
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The regional context 


Mixed urban/suburban development and nat- 
ural forested areas within agricultural matrix 





A “better” design 


1. Barrier added between hedgerows 


2. Roadside exotics spread to fields 
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MESO OR LANDSCAPE SCALE 





A new roadway 





The study area 


Agricultural fields interspersed with small 
patches of remnant natural vegetation 





A “worse” design 


1. Largest “local” patch bisected 
2. Small patch bisected/eliminated 
3. Barrier added between hedgerows 


4. Roadside exotics spread in woods and fields 





MESO OR LANDSCAPE SCALE 





Suburban park land expansion 





The regional context 


Mixed urban/suburban development and nat- 
ural forested areas within agricultural matrix 





A “better” design 
is 


Existing park land: a net increase in 
total area 


Park linked to existing, natural vegetated 
corridor at edge of suburban area 
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The study area 


Suburban park land expansion 





A “worse” design 


BR. 


A series of small, “pocket” parks added, 
mainly near edge of development 


Barrier between new parks and existing 
larger park 


No connections to areas of natural 
vegetation outside suburbanization 


efFou EM AT TT An AT AT TL Bihe ra 
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. MICRO OR SITE SCALE | 
A cluster of backyard gardens | MICRO OR SITE SCALE —_—— —= 
A wildlife movement corridor 

















The regional context The study area 


Mixed urban/suburban d 
evelo 
natural forested areas within nese Suburban housing development adjacent to The regional context The study area 
, rotected ripari ; i 
matrix v parian corridor/habitat Mixed urban/suburban development and nat- Intersection of roadway, riparian corridor, 
ural forested areas within agricultural matrix and agricultural fields 
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A “worse” design 





A “better” design 


1. Continuous vegetated corridor main- 
tained through backyards of houses : aoe nm broken; A “better” design A “worse” design 

2, Henutug sedlicwhes atstntmecn detnoe S Rint ail y ae 1. Placement of roadway bridge allows for 1. Placement of roadway bridge does not 
from road/maximum from corridor » SIQUEIDG SRRECS maximum from road/ species movement below on both sides permit species movement on either side 

ee roe minimum from forested corridor of riparian corridor of riparian corridor 

inim 
due to spread of exotic species reat 3. Increased threat of disturbance to natural 2. Native vegetation left intact to provide 2. Native vegetation eliminated, causing 
vegetation due to use/spread of exotics continuous corridor gap in movement corridor 
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CASE STUDIES IN BRIEF 


The following case studies similarly represent a range of scales and diverse 
types of landscapes from around the world. Case studies include both 
“sound” and “unsound” landscape ecology-based planning. A practical use 
of landscape ecology in land-use planning and landscape architecture of 
course does not assure success. Much can be learned from these brief 
descriptions of projects incorporating landscape ecology principles at differ- 


ent scales, but of course more is available in the accompanying references. 


1. MESO SCALE. River corridor: Kissimmee River wetlands, channel, 
and floodplain restoration (Florida, U.S.A.) 

After a period of twenty years, the negative ecological effects of channel- 
ing the Kissimmee River have become increasingly clear. The original 
beneficial objectives of channelization (i.e., flood control, improved navi- 
gation, and more land area for cattle grazing) have been outweighed by the 
costs of the project: (1) change from a mean- 
dering river to a deep canal with little biologi- 
cal use; (2) lowering of the surrounding water 
table, with a drying up of most of the flood- 
plain wetlands; (3) degradation of remaining 
wetlands due to maintenance of constant water 
levels; and (4) alteration of the seasonal pat- 
tern of water flow critical to fish, resident 


wildlife, and migratory waterfowl. 


This restoration project has just begun and 
includes a series of recommendations 
designed to help regain the ecological struc- 
ture and functioning of a pre-existing riparian mosaic and system in 
Central Florida. If completed, the project will be the largest restoration of 
a riparian corridor and associated wetlands and floodplain ever undertak- 
en. The feasibility of restoring most of the critical hydrological functioning 
of the system has been tested in a demonstration area. The three primary 
goals of the overall project are to restore: (1) water quality; (2) water level 
fluctuations; and (3) natural resource values. By focusing on the function- 
ing of the system, i.e., flows of water and movements of animals, it is 


hoped that the structure or pattern of the landscape will rapidly reform. 





Channelized river and 
restored floodplain. 


Reference: 


Karr, James R., 1988. “Kissimmee River: Restoration of Degraded Resources.” Proceedings 


Kissimmee River Restoration Symposium, S. Florida Water Memt. Dist., W. Palm Beach, FL. 


(Also see one issue of Landscape and Urban Planning, 1995) 


2. MACRO SCALE. Regional corridor: Mountains to Sound Greenway, 
A Recreational/Nature Preserve (Washington, U.S.A.) 

This regional greenbelt proposal is a master planning framework for how 
development and conservation may coexist within an area of rapidly 
expanding suburbanization near Seattle. The primary strategy is to 
preserve and link the remaining native habitat patches, via a greenway 
approximately 100 miles long. This incorporates both human recreational 


areas and increasingly wild areas that help protect the biological diversity 


of the region. 


This proposal illustrates several of the landscape ecology principles 
discussed herein. First, the planning for conservation of multiple recre- 
ational reserves provides a series of “buffer” zones between undisturbed, 
natural habitat and human development. Second, the series of “stepping 
stone” reserves, interconnected via a continuous network of corridors, 
both encourages faunal movement and provides protected habitat for a 
diversity of species. 


Reference: 


Kobayashi, Koichi, ed., 1995. “Jones & Jones: Ideas Migrate...Places Resonate.” Process 
Architecture, no. 126, p. 49. 


3. MESO SCALE. Large patches and mosaics: “A New Forestry 
Application” (Maine, U.S.A.) 

This proposal offers a landscape ecologically-based strategy for better 
managing timber production within the Maine spruce-fir forest. Two 
underlying principles or techniques are pinpointed: (1) create and main- 
tain vertical diversity in the forest canopy; and (2) ensure that the biologi- 


cal “legacy” of old-growth forest is transferred to regenerating stands. 


These underlying principles are translated into a series of specific and 
strategic practices to maintain a more ecologically-sound mosaic of land 


uses. The basic goal is to maintain the biological diversity of the region. 


At the landscape level three forest patch types 
are identified: (1) high yield plantations; 
(2) lower yield (i.e., “new forestry”) areas; and 
(3) reserves. The proposal calls for the distrib- 
ution of these three areas across the landscape 
as large blocks, creating a coarse-grained 
mosaic. The new forestry areas act as buffers 
between the reserves and the high-yield plan- nchlexienl vases 
tations. Furthermore, a range of harvest sizes 
are recommended, which are spatially 
arranged according to the existing configura- 
tion and fragmentation, as well as social values 


and aesthetics. 


Reference: 

Seymour, Robert S. and Malcolm L. Hunter, Jr., 1992. “New 
Forestry in Eastern Spruce Forests: Principles and Applica- 
tions to Maine,” Pub. No. 716, Orono, ME. 


4. MACRO SCALE. Corridor: International 
Wildlife Corridor for Deer (Italy/Switzerland) 
An international linkage connecting two 
wildlife reserves (one in Italy, the other in 


oe SWITZERLAND 
Switzerland) has been created to maintain and 


corridor (1977) 


restore the annual migration corridor of red 





the triad concept of forest land allocation 


new forestry 


. 
5ST 


wwe of 


Pere a 
et 2. ik 


parco nazionale dello stelvo 


deer (similar to elk). (before 1977) 


The combined area of the two reserves exceeds 
1,000 square kilometers, with the corridor com- 
prising nearly 150 square kilometers. and 
traversing a gradient of elevations. The migra- 
tory patterns of the red deer involve movement between open meadows in 
lower elevations during the winter, and higher mountainous elevations 
during the summer. 

Reference: 

Harris, L. D., and J. Scheck, 1991. “From implications to applications: the dispersal corridor 


principle applied to the conservation of biological diversity.” In Saunders, D. A., and R. J. Hobbs, 
eds., Nature Conservation 2: The Role of Corridors. Surrey Beatty, Chipping Norton, pp. 189-220, 





expansion (1977) 


International corridor for deer. 


58) CASE STUDIES IN BRIEF 


rrr 





CASF STIHNTFES TN RRTEF!&O0 


including deer, alligators, and bobcats, have used them. The underpasses 
have proven to be an effective mitigation strategy to reduce the barrier 
and isolating effect of roads. 

Reference: 

Smith, D. S. 1993. “Greenway case studies.” In Smith, D. S. and P.C. Hellmund, eds., Ecology 


of Greenways. Design and Function of Linear Conservation Areas. Univ. of Minn. Press, 
Minneapolis, pp. 161-208. 


7. MICRO SCALE. Wildlife tunnel: movement of an endangered 
species (New South Wales, Australia) 
The habitat of an endangered marsupial cront-siction 
species, the mountain pygmy-possum, in 
southeastern Australia, was fragmented by a 
major new road. Construction of a subterranean 
tunnel successfully reconnected the habitat, to existing habitat 


accommodate the unique and specific habitat 


re-created habitat 


requirements of the species. (benitt rocke= fm depth) 


This wildlife movement corridor was construct- 


existing habitat 


ed to imitate the native habitat of the species. (vertical exaggeration times 5) 





It assisted in the normal seasonal dispersal of Sila ittetinedl eansiractidl Beneath veod. 
the population, which had been disrupted by 

the road. Following construction of the tunnel, population survival and 

dispersal rates of the species in this disturbed and disconnected area were 


similar to those of the species in a nearby undisturbed area. 


As habitats are increasingly bisected and fragmented by roads and devel- 
opment, artificial links such as underpasses, tunnels, and overpasses 
between fragments must be carefully considered. Knowledge of the habitat 
requirements and social organization of the key species is critical. One 
can then determine whether there is any strong reason not to plan and 
design artificial links as a suitable management strategy. 

Reference: 


Mansergh, I. M., and D.J. Scotts, 1989. “Habitat continuity and social organization of the 
mountain pygmy-possum restored by tunnel.” Journal of Wildlife Management 53; pp. 701-707. 
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Amphibian Tunnel inserted 
into road surface. 
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8. MICRO SCALE. Amphibian tunnels permitting seasonal 
reproductive movement (Germany and elsewhere) 

Many amphibians must move from upland habitats to a pond or other 
water body to accomplish their reproductive cycle. Roads often separate 
the pond from the upland. The effectiveness of alternative designs varies 
for facilitating the seasonal movement of 
amphibians beneath roads in Germany and 


other European countries, plus in the U.S.A. 


Many tunnel projects have been judged as fail- 
ures, e.g., because of excessive mortality, pre- 
dation, inadequate light or ventilation, filling 
with water, lack of light at end of tunnel, and 
poorly designed “drift fences” leading amphib- 


ians to the tunnel entrance. 


However, several designs that address these 
issues are successful in enabling such move- 
ment. Most important is that tunnels provide 
two-way access between habitat on both sides 
of the roadway. Many unsuccessful designs allow only one-way crossings. 
A secondary design consideration is the allowance for light and air into 
the subterranean tunnels, without which many amphibians are not suc- 
cessful in completing their crossings. Several studies indicate that road 
closures during peak seasonal, spawning-related amphibian movement are 


especially successful in reconnecting fragmented habitat. 


Reference: 
Langton, T. E. S., ed., 1989. “Amphibians and roads,” ACO Polymer Products, Bedfordshire, UK. 





9. MESO SCALE. Patch location and size: New forest/timber 
plantations (The Netherlands) 

New forested areas are being located for biodiversity, recreation, and 
timber harvest. The two most important aspects to consider, vis-a-vis pre- 
serving and enhancing biological diversity, are: (1) area of a wooded patch 
and the population dynamics of key area-dependent species; and (2) 
arrangement of wooded patches in the surrounding matrix, especially the 


total area of surrounding woodlots and the distance to the nearest woodlot. 


Several large forests rather than many small ones are determined to be 
optimum. Using a computer simulation model, this study pinpoints where 
new forest patches would best be located to produce population increases 
of key selected species. Large new patches are to be established in areas 
of farmland with a reasonable density of scattered woods. These existing 
patches act as stepping stones for long distance dispersal of species, as 
well as population sources that help sustain species in the newly created 


forest patches. 


Reference: 
Harms, W. B., and P. Opdam, 1989. “Woods as habitat patches for birds: application in land- 


scape planning in the Netherlands.” In Zonneveld, I. S., and R.T.T. Forman, eds., Changing 
Landscapes: An Ecological Perspective, Springer-Verlag, N.Y. 


10. MESO SCALE. Regional network: Recreation and habitat / 
flood protection corridors (Southeastern Wisconsin, U.S.A.) 
As one of the most extensive greenway networks in the U.S., this seven 
county district in southeastern Wisconsin has 467 square miles of pro- 
posed protected corridors. Four types of linear elements are included: 
(1) former railroad beds; (2) riparian zones; (3) agricultural riparian zones; 
and (4) ridgelines. The network extends across a mosaic of different land- 
use types, from urban to suburban to rural, and includes scenic as well as 


important natural resources for wildlife conservation purposes. 


The major objectives of this extensive system are: (1) habitat protection; 
(2) recreation; and (3) floodwater protection and control. The procedure 
for selecting corridors is based on evaluating a variety of ecological pat- 


terns and processes. Corridor width is considered most important. These 
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environmental corridors provide increased connectivity for human and 
wildlife movement and link major nodes, 1.€., protected parks within the 
region. The network forms alternative routes, providing round trips for 
human recreation and permitting moving wildlife to avoid disturbance. 
The focus on riparian corridors helps provide sponges for flood protection. 


Reference: 


Smith, D. S. 1993. “Greenway case studies.” In Smith, D. S. and PC. Hellmund, eds., Ecology 


of Greenways. Design and Function of Linear Conservation Areas. Univ. of Minn. Press, 
Minneapolis, pp. 161-208. 


11. MESO SCALE. Wildlife network: Santa Monica Mountains 
to Santa Susana Mountains Corridors (California, U.S.A.) 
This regional effort, occurring in one of the most rapidly urbanizing areas 
in the U.S., is to link large habitat areas using greenways and highway 
underpasses. It is based on an evaluation of: (1) spatial patterns and char- 
acteristics; (2) needs for local wildlife species; and (3) patterns of pro- 
posed ownership. The proposed habitat network comprises over 270,000 
acres, and runs from the Santa Monica Mountains, which extend for 
50 miles along the Pacific Ocean, to the Simi Hills, a smaller range link- 
ing the Santa Monica range to the Santa Susana Mountains, which connect 
to the mountains of Los Padres and Angeles National Forests further east. 
This vegetated area, once contiguous, is now dissected by a number of 
freeways and suburban developments that inhibit the movement of large 
animals, such as bobcat, mountain lion, and black bear. The habitat net- 
work has been identified and planned, based on such planning and design 
criteria as providing cover, water, habitat diversity, insulating corridors 
from human activity, nodes, and multiple pathways. 


Reference: 


Smith, D. S. 1993. “Greenway case studies.” In Smith, D. S. and PC. Hellmund, eds., Ecology 
of Greenways. Design and Function of Linear Conservation Areas. Univ. of Minn. Press, 
Minneapolis, pp. 161-208. 





12. MESO SCALE. Configuration of deer habitats and rural 
housing developments (Montana, U.S.A.) 

A study was undertaken to determine the effects of expanded housing 
developments on deer (i.e., white-tailed and mule) populations in Gallatin 
County, Montana, U.S.A. Background rationale for the study was based on 
a 50% increase in the number of rural residences over a 10-year period 
between 1970-80 in the county, with the amount of land in subdivisions 
increasing from 63 to 81 square kilometers. The study area comprised 
1000 square kilometers, with elevations ranging from 1300 to 2000 
meters. Specific study objectives were to: (1) determine the relative 
changes in populations and distribution of deer with increased 
housing; and (2) measure the impacts of housing density on 


movement and activity patterns of deer. 


Results show an inverse relation between housing density and 
the number of deer observed. The home ranges of white-tailed 
deer decrease in size and become more linear as housing density 
increases. Of particular importance to deer movement and activi- 
ty is the use of patches of cover which are either located in close 
proximity to each other and/or linked via travel corridors (i.e., 


stream or river banks). 


Management implications for a strategy to benefit deer, based on 
these study results, would be to increase the density of housing 
on already developed areas, especially those of little value to 
wildlife and agriculture, rather than to develop new areas. In 
addition, for existing housing developments, provisions for leav- 
ing intact planting cover around housing clusters, and for not 
building within the band of vegetation along rivers and streams, 


would be beneficial to deer. 


The adjacent illustration shows a hypothetical “Before” land- 
scape situation (i.e., top half of map), as well as three “After” 
scenarios (i.e., bottom half), in which alternative housing devel- 
opments #1, #2, and #3 are considered. In the “Before” case, 


primary deer habitat exists in large patches, A and B. Riparian 





Housing developments and deer. 
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corridor C largely connects these two deer habitats, although movement 
would be interrupted somewhat by the two roadways traversing the area. 


The remaining area of this landscape is in agricultural production. 


Adapting the Gallatin County case study results to protect deer habitat, in 
the above hypothetical case would indicate that of the three development 
alternatives shown, #1 would be best, with #2 as an intermediate option, 


and #3 as the worst scenario. 


Development #1 takes place within a previously isolated small habitat 
patch, which is neither an effective stepping stone from patch A to B, nor 
a large enough patch to consider protecting. Development #2, although 
not adding to further fragmentation of deer habitat, nor inducing any 
incremental obstacles to deer movement, is located on prime agricultural 
land. Development #3 not only reduces primary deer habitat, it further 
isolates this patch from other deer habitat. 


Reference: 


Vogel, W. O., 1989. “Response of deer to density and distribution of housing in Montana.” 
Wildlife Society Bulletin 17(4), pp. 406-413. 


13. MICRO SCALE. Agricultural drainage management tech- 
niques using riparian vegetation (North Carolina, U.S.A.) 

Several studies in the Coastal Plain area of North Carolina have as their 
objective to observe the effect of riparian areas on the fate of nonpoint 
pollutants leaving agricultural fields, and to relate this to water quality 
downstream. Prior to this research, riparian areas were thought to repre- 
sent opportunities for water treatment before surface drainage reached a 
perennial stream. Riparian vegetation had been reported to maintain: (1) 
the stability of the stream channel; and (2) the quality of water in both 


intermittent and continuous flow systems. 


These research projects, which were conducted across four drainage 
basins, demonstrate the role riparian areas have in treating nitrogen, 
phosphorous, and sediment leaving cultivated fields. The effects of 
geomorphology and riparian vegetation on water movement, deposition- 
erosion, and nutrient dynamics cannot be easily separated from each 


other; there exists a complex interdependence. 





a le 


These studies show how riparian areas act as chemical filters for nitrogen, 
treating agricultural run-off via subsurface flow through denitrification. 
Although the width of riparian vegetation needed for nitrogen treatment is 
not certain and depends on several factors, even narrow strips here pro- 
vided noticeable protection. Floodplain swamps additionally proved effec- 
tive in controlling sediment deposition and phosphorous uptake. The larg- 
er the floodplain swamp area, the greater the importance as a sediment 


trap and phosphorous sink. 


References: | 
Cooper, J.R., J.W. Gilliam, and T.C. Jacobs, 1986. “Riparian areas as a control of nonpoint pollu- 
tants.” Journal Series of the N.C. Agricultural Research Service Paper No. 10107, pp. 166-190. 


Gilliam, J.W., R.W. Skaggs, and C.W. Doty, 1986. “Controlled agricultural drainage: an alterna- 
tive to riparian vegetation.” N.C. Agricultural Research Service Paper No. 10109, pp. 225-243. 


14. MESO SCALE. Wildlife and water protection network: 
Pinhook Swamp and Suwannee River (Florida, U.S.A.) 

Rampant urbanization, sprawl, and road construction in Florida has cat- 
alyzed public concern for species loss. A conservation goal has emerged 
to maintain connectivity among natural areas, thereby preserving key 


wildlife movement routes. 


Two large, federally-owned habitats, the Okefenokee Swamp National 
Wildlife Refuge (approximately 400,000 acres) and Osceola National 
Forest (approximately 160,000 acres), are only miles apart. To prevent the 
strangling noose of development, linking these two large patches was 
identified as a top priority. A broad linkage of some 60,000 acres sur- 
rounding Pinhook Swamp was accomplished. This five-mile-wide wildlife 
movement corridor results in the creation of over 600,000 acres of 
contiguous habitat, home to many rare and endangered plant and animal 
species. As a result of this newly protected, larger area, individuals of 
numerous interior species can continue to move between the large patches 
of natural vegetation. And the total dumbbell-shaped area is considered 
sufficient to support viable populations of large-home-range species such 


as panthers and bears for long-term survival. 
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A proposed Suwannee River Corridor, which links the Osceola- 


Okefenokee-Pinhook system to the Gulf of Mexico, maintains connectivity 


along one of the last free-flowing rivers in the southeastern U.S. It also 
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connects a diversity of habitats and a large 
collection of small protected patches. In the 
case of global warming and sea level rise, 
such a corridor would link coastal zones with 
interior habitat, thus enhancing long-term 
species migration and survival. Of the 426 
miles of total river frontage, this proposal pro- 
tects 152 miles for wildlife movement. 
Although as currently conceived, gaps would 
still exist, contingencies are provided to mini- 
mize or prevent disruptive activities along the 
entire length of the riparian corridor. 

Reference: 

Smith, D.S. 1993. “Greenway case studies.” In Smith, 
D.S. and P.C. Hellmund, eds., Ecology of Greenways. 


Design and Function of Linear Conservation Areas. Univ. of 


Minn. Press, Minneapolis, pp. 161-208. 








SUMMARY AND CONCLUSION 


Fifty-five principles or concepts of landscape ecology are presented. 
Almost all are stated in a single sentence, and are accompanied by a dia- 
gram illustrating the principle. The principles are grouped in four general 
categories: patches; edges/boundaries; corridors/connectivity; and 
mosaics. Dozens of references are given for each category, with key refer- 


ences highlighted at the end of each section. 


In the patch category, principles focus on the ecological effects of size, 
number, and location of patches. The second category focuses on edge 
structure, plus boundary and patch shape. The third emphasizes connec- 
tivity provided by corridors and stepping stones, road and windbreak 
corridors, and stream and river corridors. Fourth, mosaics are represented 


by the ecological effects of networks, fragmentation, and scale. 


Practical applications of landscape ecology principles are then illustrated. 
Schematic or conceptual landscape changes are applied in six cases over 
a broad range of scales, illustrating that the principles are effective inde- 
pendent of the size of a project. These applications state a problem or pro- 
posed change in the landscape, and portray “better” and “worse” designs, 


together with rationales. 


Fourteen case studies that apply landscape ecology principles are out- 
lined. The examples are of landscapes worldwide, and include a wide 
range of spatial scales. Projects focused on patches, edges/boundaries, 
corridors/connectivity, and mosaics are included, and offer lessons from 


both failures and successes. 


Spatial pattern matters. It is no longer appropriate to plan based on totals 
or averages of prices, jobs, wages, parkland, bicycle paths, logging area, 
water flows, and so forth. Rather, the arrangement of land uses and habi- 


tats is crucial to planning, conservation, design, management, and policy. 


Furthermore, context is usually more important than content. The attrib- 
utes within a location are its usual descriptors. Yet the characteristics of 
the surrounding adjacent land-uses, of the upstream-upwind-upslope 


areas, and of the downstream-downwind-downslope areas are usually 
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more important descriptors of the location. Sites are linked in a mosaic, 


where a change here affects many sites there. 


The landscape ecology principles used in landscape architecture and 
land-use planning are here to stay. They are increasing in number and 
combinations among them are emerging. Some principles and patterns, 
such as vegetated corridors along major streams and a few large patches 
of natural vegetation, are “indispensable,” i.e., no known or feasible alter- 
native exists for providing their many major ecological benefits. Other 
disciplines are rapidly absorbing the landscape ecology principles, yet a 
distinct opportunity remains for land-use planners and landscape archi- 


tects to “capture the principles and grab the future.” 


Some view land primarily as a source of wealth, a commodity that is 
bought and sold, an investment, a subject of laws and regulations, a mat- 
ter of real estate, an object for tax policies, or a matter of economics. 
Others view land primarily as a living dynamic system, a place to live, a 
habitat containing plants and animals, a site of history, culture, aesthetics, 
and inspiration, or something that is planned, conserved, designed, man- 
aged, and cared for. Which perspective most motivates the reader? Which 
perspective is a basis for optimism about the future of society and nature? 
The principles in this book are usable now. They represent an embryo of 


optimism for the future. 
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